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(54) NON-VOLATILE SEMICONDUCTOR MEMORY 

(57) Abstract 

PROBLEM TO BE SOLVED: To enable one non-volatile 
memory cell to store quarternary information. 

SOLUTION: Writing operation is performed by applying 
different three kinds of voltage to a word line successively 
at the time of verifying operation, and threshold voltage of 
a memory cell is controlled. At the time, writing data of 
binary (1 bit) corresponding to information of quarternary 
(2 bits) to be written are synthesized by a writing data 
conversion circuit (1) every three writing operations, 
information of quarternary (2 bits) is written in one memory 
ceil, thereby doubling storage capacity of a flash memory. 
In reading out information, different three kinds of voltage 
is applied to a word line, read out three kinds of 
information of binary (1 bit) are synthesized by a read-out 
conversion circuit (2), and storage information of a 
memory cell is converted to information of two bits. 
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*lfc2lt5 a -^lr«^T. t5S5 r#i^lj . r«2,^ 
[0030] r:5bT. ^ct*>yh, fflRe^hKiHt 

s 3[§ia)ff&&!bfE ( rsi^u ~ rsj^3j ) ft 

flKi*3eftlHBIltffl^T2|t (ltfyh) <Dm& 

[0 0 3 1] ScfflUIWTOL 3a^©mE^iJII 
Hi^6{c3iiD^n> #3iaiott*tiiHbf^CJ: 

; 7y9-\zm&-\tititiZ>2m. (llfy W "0" * 

fcfi "l" ("Low'Sfctt'Hi gh') «u ^-n^n 

Sn5„ 3l30|*^UI^lCJ:^TWWH$n. ^ 

^£n£3Sgf©2M (lt*«>h) (D^-i?" 0" * 
fcta" 1" CLow^fclJ^gh') fj, fff«l9 
&mVTWttiiVy i -?%.msl&2 \Zfe£k-£tlZ>„ ®g*tH 
L-5r-^^!gyiKl2fJ, -ec.fc^tCLTKiil^nfc^- 
^fcaS"3t»T, 4<i (2t*7h) ©5r-^CD_hffcey 

Tfie^ he^rifrs. tt*taL.-7 s — ^jaftEiiS2 
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>7>-?l O-^mm^tlT. Dou t 1 7^6ffl*$n 

s. 

[0 0 3 2] m2iZitmi CjSSttfc^ySoL^iJ 
tflfi&i. t>X7^f SL £&A,T tT y HUB L 

t*-y N&B La^l *RW*#££f4, SKtfy h&B 

l/>7ffiOlfy h&B L a«©|§BSflW»4y$— EK^ 
#W4. tf y h^B L a £fcT«.y hSSB L £ 1 M 

»4. *IStI— 3&»ifl&2r© U77 U->^ffl tf y Mft£ L-T 

J4. T^irX^tSn-S^^EU^KDiBSfZ^^Tffi 

[0 0 3 3] |S|2£«(r>T. N1~N8. Nla~N8 
aliNMOSMyf, SLf4-fe>*7y?\ MC, M 
Catt^t'J-Wk VCCtJ«itE, VWELIJ^t 
U-feJUBSffttEE. GNDfiSifemft:. WL, WLafi 
7— Ftt, BL, BLattlfyMft. S, S af4#ily 
— *f&. DDC. DD C attty h*|$T-f 7^t-i> 

•?z>tz.sb<D%mm j *m. sis. sis a»4**vt*i* 

■=EU-fe;i/MC, MCaffl7-Xil6*iV-7«S, S 
a (3^rr-5»ft-^. RPC. RPCaldSbiBLA 

pcata«a*^u 7 r^f »fmice-y Hati/y^ 

— STSftWMr^KL TR. TRatetfy H&<fc-fe>* 
7yT&ffifrf2>fflfflm*m. IOT. IOBf4Atti7j 

y Gts-k >x ^ y^tA&jj&L&mfcr&fflmm^ 

*S, PP. PNtt-ttUBft, -fe>*7y?-SL©PMO 

sh7>-w, nmos h7>^^o»fwaat* 

To 

[0 0 3 4] WflElfyMfcBL. BLaf4. 

7;^^Ag3^iCck^T^$n, i#© 

fcfyN&BL, BLalllt ^ClfMEB^n&^di. ^ 
U -fe;P©!SMEB&$iBSa£ n (0 2 C»4* U -fe;K3DIt 

mats* i #©if y nat^Lx i **«f^w««^sn 

-fy^N2, N2a36HS»tSnT^S. £©£51::*^ 

ENMOSX-f y7-N2. N2ali*PftfS iD, S 

[0 0 3 5] £TF, ±Ka^«&*«WP. RttJl4&f£ 

[0 0 3 6] «l»#&**We 
0 3 £0 1 3 «#flR L,tW$9&&RXfmi&As<y 7 
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4S«BE©#fr©M^£7jVr„ d ©»&©.* ^Ey-fcH/© L- 
©1WI©»*&3W4, L€fVMit«E#— #itS^V t h 0 

{ttwwm&m) z-mm "oo" 
©rib*** "oi" msntm l-^hs«ee 

JO jM=#Bfc:iftl,«R|BV t h2 0!Ki^ "10" am 

zim "ii" *«Ki*fifc«iBt ucn*. 

[0 0 3 7] — 0©^^EU-fe;K34M (2h>H ©fi| 

^*H3©4ffl©*^ Uir;P©L-*^Hi1tEEV t h 

0. Vthl, Vth2, Vth3K*fL-T. VthO 
20 >Vvl>Vthl. Vthl>Vv2>Vth2, V 

t h 2>Vv 3>V t h 3*»)fc-r3Sttlffl«BEVv 

1. vv2. vv3tLt> mtefr^vyr^mmiz 
v-Fmz$iixrr%o m4\z^<Dv-Y-mmm&v>w 

3 J ©#IWB4£T, — tel©^^— {hJ©# 

©Srf^tCck^T. 4®5r-^ "0 1". "10". "1 
1" *«Mwt^-=EU-fe;P<DL,€f^v|intBEtVv 1 ± 

.w "l o" . "ii" t«i*tn^qBU-fe;KDU#fcitt 

(4. 4tf-^ "1 1" S-Si^fcti^^EU-feJKD*© 
L^^Ml«BES:Vv 3<fcQ*g<-r-5„ r»i^ij~ 

[0 0 3 8] r«&*ij , r«i*2j . 

3 j (D&mms. rs^u <Dm^<DM\zm^mi^^n 

IWB4*aT?**. rs^u ~ r^j. 

4i? *3j ©«&*RtflBi*^U7T'f«f^K*W-**ii' 

[0 0 3 9] ^*Uir^MClC»*atr«^»4*6aE(!Bl 
©AtBTJ^ I OT^/H W<)U (RT#K" High' 
tfefH-T) . S*5W©Attl**SllOBta--w«gp (K 
T^H' Low' tfefBT) tC-T-So ikT©Sff^tz:*5Vi 
T. I OTt I OBI3*l:3>^U ^>^Ufi^i4 

T, NMOSMy^N8tN8 a$t>$tS. dtl 
IC<i;t3T-fc:>Xv>y^SLIc, ' High' <Df—?1fl 
50 7yfan5. C©t*, -tr>>?.^y^SL©/-KA 
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<BOte' High' , /-HAaW Low' £.13.%, 
&\Z. t>X7yf40PMOS h ; 7>zS7>?m<DWM 
SEPPSr®gmEVCC^e.mfS4 [V] iZ±if. 

mmmm&p cutiwff^p c a ^^u^ju-i 

*»±tfTNMO SX-f y^-N 5 <hN 5 a ^>^^ 0 
Z<D£&. t^^yfSLC Hi gh' ifi^y=f"i 
tXT^ZfrZ. t>77yfSLCy-FA»' Hi 
gh' NMOSX-<yfN7iatt>U NMOSX 
-f y^N5SrjlUTt*<y H&BLj5t4 CV) 

it' Low' l!&-i>;^£, NMOS^7^N7(it7 

MdBLatto cv] uct, ftsnflreiftp 

C t P C a OlKi^aR U^HCSnt, NMO S3, 
-f 7?N5tN5 a#»*7$*u #^T% AfWi^lftS 
i Ddt4"&±Jf ^tU NMO S y 2 ^^>t^ 
i'Sft*. -tlxT. 7-HHWL(:W^-9 CV] j&t 
3liD$n, fftffflfi^li&TR, TRa«l/^H;i% 

±t*SttTNMOS*-f y?-N6. N6 a*^>«IBlr 

»i0 CV) >7-Hi^WL/5S0 CV) 

ICS ft. SM^TR^ TRa©mEE##^U^;l> 
d^Ttf e>nTNMOSX< 7fN6. N6 a)ii*7 
IC^tl. ^-CD^Tf. SfflMDDC> DDCa« 
U^;KC3i^±tf ^tlTNMOSX< y^N 1 , N 1 a 

«BLtiJ77l/>7fl|Otry h^BLa^r-f^ft 
— in^h*7 M&BL. BLaCDmfi^tO 

CV) tC^Mb^n-So -^-L-T, Wt^lDDC, D 
D C a<Dn&f)l#mi\/'<MZiL*>T\f SnXNMO S 
^'^Nl, Nl a^7^fC$nT^e, 

[0 0 4 0] m^^)7T^WtfrZ\Z2c?. ±L>X5 

nmwEEvccttsti. mmmm&p cm>*mu"vi 

\Z.3Lh±.\-f*>tVZ. NMO S X-f y ^-N 5 IfisjrZJIJtMz 

>77y^SLCflH|"l" ('High' )^7yf 
StlT^iSt, NMOS*-f y7-N7)i«:*->U tfy h 

*BLe^u^y-ya*i**t, uhb "o" clo 

e. bfy H&B L [St^U 7^ V - iSZftte 

ffil?i?ffl-^RPCa^i^u^;W3S;^±tf 

^tlTNMOS7'T75 1 N4 ai5t>«iC$nT, >J 
7 r U>XW(D ey MSB L a rit e y hi&B L £ «3 *>•(£ 

R P C a <DWE&)mz.#mil"<)Mz5L-£>Tl1 : ZtlTN 
MOS7-f7fN5, N4a^y^tr^$nfc 
t>X77fSLOPMOS h?>S>>t£rfflaM|&l 
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PPi'VSS (&ifcm&©<k7£^&fflJ©miEiSBE) 
tC. NMOS H7>yX^i©ffigPN;4tVCC (B5« 

ft-^^n^. fwtwisfcs iDtsi s# 

N3^>«il;$n, «7- Hi^WL{^'J7 7"r«BE 

vvi, vv2, vv3©f»r^- o^*n$tis. - 

V-Xl^Si^^EU-b^MCOSfemEEVWE 

Lfio Cv) K$n-5o HMSSii^^f^tCckD. ^^eu 

U fcfy N^BL^£V-Xig£S<iy{C«iftj&Wl. tfy 

V TV m§&Kf U ir;UM C 

^IC^tl-T, t7 h^BLCD«ffc«T^e^i. >7-H 
*£©mEE£0 CV) KRLTA>(&, ffeBWt-iHftS i D. 
S i S<DWEEZTlfTNMOSX^( -yfNl tN3St 
7$-t*\ ^^-^TR<hTRaS^U^;UC3i^± 
^ lfTNMOSMy^N6<!:N6 a^>$ti"« ir>X 
^y^SLOPMOS hv>>'X^ffl!|©maiPP ; S:VC 
CK, NMOS h7>:^;^^B!lGDm^lIPN£VSS^z:L- 
T•fc>;^•.y^SL£?g^£{l:U ^nfZioT-k>^7 

BLatOW&M&mm-t&o ^^EU-feW/M 
Cat^jRaBfcajvr^fc&S, tfy h&B L{ffi|©«& 
*i"fia«D. UyT^>X{aflCDtf>y h^BLafC^LTU 
'yWift<^fct*. iz>X^y^SL\Z^y^n 
fa 'Hi gh' 'Low' \zmZ?Z>o ^^)±JVifi 

30 *y~?3b^>rz.mfe\z\z.\f:y h&bl aonmrrfrz 

U77 U>X{Bfloey hi^B L a {CMLT^;i^t 
iSS<^tlTVi-5C01?. •fe>^7y7^SLtr^!y5 L $tlfe 
'High' fi 'High' ©S*SfeL^i 0 dCD^ 
U^T^fiWPICcfctjT, ir>X7-y7^SL^^y7^$n 
'Hi gh' # 'Low' tCSfe-r^^T, Si2^S(, 

*Ri«B&i!M^«j ^ T^<n&mmm\$ffl®w& 1 2 n 

[0 04 1] MZ. **EiVM_)VyLQ.'^(DAm. (2t*y 

^mmmz^r). 3m<Dm&&mfe\zfti,\ ftrnvo-t 

-^l'*f^Lrc2M (lf.^) "0" Sfefi 

"1" ( 'Low' Sfcfi 'Hi gh' ) ' 
ttrJ:oT. e> lc— o©>c q& U -feJHc: 4-fig 

[0 0 4 2] m5<D£.o\Z—&<DV-bmWL\zm 
«?T'54f@©^^:iJ-b;UMC 1, MC2. MC 3. MC 
^ 4 0-S-n^mr, 4M©5r-^ "0 0"\ "0 1". 
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"io", "ii" &B&&:tsm&$:%z.2> 0 cine. 4 

tfflf-^ "o o" , "o i" . "i o" , "i i" 
i try hcDT—rm "ooonoir &2m?-3&. 

Vlz)fzt>CDT*$>&o iiS d © 8 {®©7^- *r ftg^&trfc 
&Zit8m<D* : £ i J±:)Ufr>&m-V2>>Z>fr. JtaB©»K: 1 
ifyh ©jr- 2 ilI"f*OE-#J^> T, 4i (2t*7 
h) ©t"-^ "0 0" . "0 1" . "1 0" . "1 1" 

* ^e u -tjv vfi^&mt -trr. > ^ u ©3£*ft 2 fgir-t-s 

[0 0 4 3] St*. *&<*SW£©itfrf~ i&feftf££fT& 
^. ^UI^MC l~MC4©L-#(,v|g^EEft, 

vthot3^5^.s (06) . m&mmm2&m\ivz 

Wmt&ii. "7— HJKWLt^U-fc/l/MCCSWKE 
VWELK«im Wtfil 2 CV] <fc-4 CV] ft 

Bttou CV] ftffr&nL-T. ftHQ 

OT&S i Sft^l^;PK£^±tfTNMOSX-1'-.y 

£©^iZ, §&<?k 'J 7 7 < ftf££fT&: 5 c d 

I 7-}«IStWL{aaH4I^Sn'5«k5«IEEft 

SJitrr-5t>©£-r-s>. 

[0044] rg&#. i j ©ibfrtjf i^-r, * * y ir;u 

MC 1 ~MC4 \Z^tl?nmfcrZ1z>X7y^S L 1 
~SL4K:«i*2|t7 f -^WlTt7yf > r«. -Tfc 
t>*>. ttWVMC 1 l^6IW4t>75y^SLl 
ft 'Low' ( "0" ft^-y^) CU ^tVmw** 
U-t;PMC2~MC4JcSSBrr*-b>^5:y^SL2~ 
SL4IJ'High' ( "1" KIT, 
U-fc»UMC2~MC4l3«i*»ftff^. H©«, TT 

©«BEt«i*«H:tt«^.»i- 9 [V] . fM^^ 

{C, ^^EU-tr^MC 2~MC4CDL/#^MS«BB&tV t h 

r*&*2j ©ttffsK^*. 

[0 0 4 5] r«i*2j ©ftfBiarT, S&*2ffi5r 
- 2 T ft* U ir;UM C 1 ~M C 4 C-Wl^tTastt 
"rS-tr>^7y^SL l~SL4ll7'7f$t'5. "Tift: 
fc>^> ^iJ-bHiICl. MC2\zmfc?Z>±>X7y 
fSLL SL2te "Low" ( "0" ft^y^) \Z 
U -t*l£W©*^y-fc;PMC3, MC4KS»H-.&-fc 
>75^SL3. SL4ll"High" ("l"ft^ 
y^) L-T, * i EU-fcH'MC3, MC4lrS^ftfr^ 

5. cco^ti rsa*u ^-^©mEEft 
«&*m:ttW*j£-9 CV] , «i*^«j7r-f«rlc 

■5. 08fCl^$n^)J;5tc:. ^^E'J-b;UMC 3. MC4 
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a>L-£l/vfi!«E£$tV t h2tfefc6. rSj^.2j 00 
■rft$t*TU «l,vc r#2^3j <DWm\z&%. 

[0 0 4 6] r#^3j ©iwm*-r. 9&»2mr 

- 9 W 3 T ft * ^E 'J C 1 ~M C 4 iZtt^timfc 
t«t>77yfSLl-SL4l:7yfSt5. 

fSLl~SL3li"Low" ( "0" ft^->^) 
U *^U*;PMC4ld3a*^S-fc>*7y?-SL4tt 
"Hi gh" ( "1" ft^y?-) fCL-T, /t'JtJl/M 

C4(3©^ii^ftfT?5:5o cofiBi rsj^u rg 

^2j "7- \*mw£.&w&&&tz\tmx. 

it- 9 CV] , l&i^iJ77<»J:ttVv3tl/Tf 

«a*x';7 7-fftff^:5. smssatfi* 

«k5fC *^U^;UMC4©U#t,Mif*E#V t h 3 <fc 
frofc'S, r«a*.3j ©BrfftSfcTU dnT*£g& 
*»ffcMI*7 U * ^ U -fcll>M C 1 ~M C 4 oy&V&x 
\Z4M (2\fy h) (Dmm "0 0" , "0 1". "1 

o" , "ii - cicD^^tc 

tE^vvi~w3i:|g£i/fc rg^u ~ 

*3j ©3lEl©Sji**W^ftff^Cl<i:f3=tO, — -D<D* 
; EU-tr;K'4ffi (2lfyh) CDflHSt«itfCt*n?€r 

[0 0 4 7] H4©'7-l««HiEEfflin©OTT*fi. 

nogpt ( r«&*ij ~ rg^3j ) -u^Sii^ 

JEE©6Hl»K£raEl4C!Xfcfc, 01 0^01 1135*15 
7^S;$:^-e$-5. E 1 0 <D7jS:f3:. 1 @0§i\*lE 

Sr^-TSo 01 1©7j^«. 1 SI©ff&4s/t;^4B2 

— ^ 4: U -t© t *©#i^*.mBE U-^;Pft#!^ \Zjvg < 
mm Is*. r> bcDT'&Z. 

[0 0 4 8] MZ, 2W. UfcTyfO <BVib&T-9m 
^6. r«i*U ~ r#i^-3j I3*5tt-54M (2tf 
»;H Sii^©^:S?)©2'fiter-^Wl T~W3T, 

>ZfV * U ft-^W 1 B ~W 3 B -\©^g|7j 

[0 0 4 9] 01 2\Z\Z2m (1 t*y b) ©ai&a^r- 

-a. RB»E^ansiEBS©4wai, ##^^^2^© 

f-^»DT, DB©3>:AJ*>^»JfiWc$HBl, 
fe^T, S^C^fl»rrin*:^ny^fl|#CLKl. c 
LK2t3 e fcoT, h©WOT, WOB (WOT 

iWOBf3SV»Kn>^»J^>^iJ«#) . \mOdyb 
©WET, WEB (WET<tWEB(iS^M'n>^ , U^ 

[0 0 5 0] 01 3ftfflt/iT01 2lZCT£tt«|BlEg©l!i 
f^S:IftBJ-rs o 01 3IZ{i^7y>a.^ ; E'J©^— 
^i? (Din) 1 6IC2IK (1 tf-y h) ©flKi*? 2 — 
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"1" . "1" tmkVX ( "Hi gh' , 'H 
NVL INV2I3J;0DT. DB<D=l>zfV X>5"J 

^ic^f^n. ^fttsn^fi-si-DT. DBti. m^z 
nx, -wrtist, *iz 3 > y u * »j ft^oDMwo 

T. WOB (^ct*7 h) , WET, WEB tfgf&tfy 

[0 0 5 1] 014C(t 5 
tfy Mi^^ti/^BM-^— ^«fl^T4«Bi&*£fr 

&mmm i , sstti L^mEi^ 2 fc^sttsiftafcrc 

l^)«Sn&^iJ7U-f 3 A-^^U 7M" 3DK1J: 
^"Cflte&Sn. ir>X7y^[5JS&4te4®{3#§iJ£tt£: 
■fe>^9y5 1 E»4A->Hr>^5y^lH»4DCJ:'3T 
*M&£ft, •^SaWaKltt4Wc»tasti>t«i* 
^MtsKS 1 A~«i*.3ejU5K 1 ACfc-sTflMfcatfi 
-5. T^-fe^fi, 4<@©*^:<J7U"f 3A~3D<D4^ 

"T-So mrKn>^'U^>^iJft-^WOT. WOB, WE 
T. WEB®fr54flf£. X<7fSWla~SW4a€ 
^UT»Siii!».aBftEBSi AK. MyfSWlb~S 
W4b*^LT»€Tii*aQfl|EKlBC X-f7fSW 
1 c~SW4 c*^LT»S&*aSy5Ki CK» 
y?-SWl d~SW4d$r^-UTS#j^^yHI^lD 
KtH***VC^*. Sit, Afll*«IOTa, I OB a 
Cte^-Stl*:«SJ5»afflH3K 1 A t-tr>X 7 y 5HhB&4 
AliX-fyfSBa, STa«H/TttE3>^"J^> 

m^m ioTd. 1 o b a \zfe&tEnrz.w&&£&M& 

lT>t±>7.^y^-\Bl^4:r>it7.^-y^-SBd, STd 
«MxTllWBn>^U^>^Uflr#WOT, WOBOff 
^fcttWpfflJBKiaft*. AfflMlOTb, 

I O B b K^Stl/iiS&^^&lHlSg lBtt>777 
^EK4B»4X'f y^SBb. STbfcfrL-Tittfi53> 
^J^^UflTfWET, WEB©#-^^^FT^|- 
Affl*iIOTc, IOBcl3&&S*U£S&& 
^UlBSl Cfc-fc>*7y?iHK4Ctt*-r y?-SB 
c, STcS:^-LTH«fnBn>^ , U^>^U^WET, 
WEB©«4MftK:asllRIIBtStl*. t>7?y 
54HBS4A~ir>^ ^ y 545884 Dtt. 
a, SRBa, SRTb, SRBb, SRTc. SRB 
c, SRTd. SRBdSr^UTffiStd^u/^ft-^CDS 
§2:fT-5 d tan?**. WaB&^-f y ^fWWfifclfna 
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SSl 2(c^oTfrfcnSo $ir>^7^^lB0S4 
A~4DteX< yfSOTa, SOB a. SOTb. S 
OBb. SOTc. SOBc, SOTd, SOBdi&fr 

[00 5 2] 014 fcasSnSEBSfi. 1 "pcWHRSti 

lz, 01 2 09^1pj{^{c:J:t>T. ^FRtfy htfflfctfy 
M~#gt£nz^t-5§£. 2^©#M/ ; e , J7Ki:s 

>X 7 y ^[pJKtc 9 y ^-&T—m&)\zm%Z 

r«a*u ~ r«i*3j fi*fi^$n-5 2M7 ; - 

^W 1 T~W 3 TJkXPtCDn >^U ^ >^ ij ^w 1 B 
~W 3 B LT, aH^iJ7KOt>7?y?- 

[0 0 5 3] «Aff*^>J7U-f SASsK^qEyrU 

-rtu o^yTu-r 3B— smtrngsm^Ti- 

f-S#&#-£fT & 3«£&9*.<5. 0 9 td^ \^tz.W&\Z 
20 =ttJT^gt$n^^t*y hWOT. WOBSMyf 
STd. SBdSrHCT, -fe^^y^lUg^DKtfB* 
ff^fyHWET, WEB^y^STb, S 
BbtEBi;T-fe>^9y5 L tE»4BCfia*S-e:«. -fS|gfc 
tf y h tt-fe >X 7 y 54HK 4 C -B-T fe&tij&t. 

d y ^EK4 B JC«Sp$-B:>£i»&C3l» 

mz&bT, -fe>^7y^lHllS4DKfia*$tutfBSe 
yh©tWRWOT. WOBt, ■fe>X^y5 L [Hli^4Bl3 
fiWSnfflRtfy h©flW8WET. WEBS, ^^^E 
i» 'J7K 1 AOiaAJBWaBi AW y^STd. 
SBd. STb. SBbtSWl a~SW4 a^UT 

fis^rs. *sai«*itffc«&*.a»UEB8 1 A**. 

(2tfyh) CD-f»^5:^^:U-b;H3#jity/res?)C!)2-(i 
(1 tfy h) tD^-iS' "0" SfefJ "1" ( 'Hi g 
h* 'Low' ) KSSftUxaBi^iJTU-f 3 

AOir>x 5 y3-W&4 Alz? y^-^Tm&^Jkn, 
U 7 r-f Sfr Sii*.^^ 1 A~ 1 D 

t)^OT-?^f&(Drz.®<Dwmf&t.Wifem*Mzmm 
^ [0054] ia 1 5 rcim&*j6feisi&d*ff 

0^ 1 A~ 1 D^T^1«0 1 5\Z7jkL,TdiBm,\Z£.^>-C 
*WOT, WET^JSgUT-k^^y^-SLCDAtti^ 

~ rflK&*3j fc^ux^n^n-g-firr-sia^sp^i 

0 0t, 2tfyh©3>ru^>^iJ«-l»CD|^C!) i R!(E5 s 
-^WOB, WEBtftaEUTt>777fSLe!)AiH 
^ tsm.1 OB\Z^^— ^WlB~W3BSr 
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»10 1 £\Z*3}2tlZ>o IhE^P^I 0 0ft 2 h 
© n > :AJ * >^ ^©[^©IfcKIE^— ^wo T. w 

Wl tctcT^$n/i«-^;N"XSr^-LT^-^Wl T 
£J£fi£U r^&^j ©t^te^E— Fft^MDW2H: 

U T#i\^3j ©t^te^E— Ffff^MDW3K:<J;^T 

^$nfe«-^/\'x s-iTr ltt-^w 3 t srj&sg-r-So 

lsl8§8i&H 0 1 f£, 2 t*-> hG)n>7 p U^> ; S'U^O 
1 J ©t^li^E- Kff^MDW 1 lr <fctJT^$n^ft 

§;u&im,tt-^wi bsmu. rgi^.2j © 

Sr^LT7 ; -^W2B&^U rg&^3j ©£€?fi 
T^-^W 3 B 5:^firr-5 0 l j \z&^Tte, 

iot. i OBCttf-^wiT, wi Bat^t^jrr 
s&^&^&^y^r^^fTfctf'L r#^2j k 

#^Ttt. M5tlt^€'J7WOt>X7 7fSL 
<£>Atti7Ji|giIOT. I OBt^i^— ^W2T, W2B# 

7^fSLOAfflMlOT, IOBl:iJf-^W3 
T. W3B/5t#^.>E.nT#j5 ; ^C^i5^^Uy7'r^ 

fr^n-s. ^{aflcD#3^.^yniMi Atc^ r^*^- 

U ~ rSii^3j (D^iZH^T. WOT. WETiJ 
#^l^lffl!l©-fe>^^-y5 : -lHl^4D^^> WOB. WEB 

[0055] 016© (A) , (B) . (C) \Zitmi 
fflflfMWDlS' High' (C-T-So 

*2j , r»&#.3j ^fr^ e> i^ti^nft-^Mw 

D2. MWD3£' High' \Z-?Z>. 016© 
(A) . (B) , (C) IdTfc^n^iIOT, IOBODtb 

"0" "1". "1" "0", "1" "l")\ZMlyT 

m 7 9 IZtjk VTc.m&&- 2 M^r- ^ W 1 T—W 3 T 

[0056] mmz. m<D^ y 7 k Kis&a*fT& 

[0 0 5 7] jlSfi. H12 CiSSn*fl»:. SSfcfcfy 



01) 4#M 5 F9-2 9 7 9 9 6 

20 

[0 0 5 8] «2»fgtHUi^ 

^ffiU ltyh (2®) ©^-^Ji^g&f -!>£:«£>© 
[0 0 5 9] «i» ©#&*lW£f::<fc^T, EI 

1 7©ct5ti> ^tztifr^wwis^mns. 

■T<5«0=£0 1 7 d^T^&V t h 0 >V r 1 >V t h 
1, V t h 1>V r 2>V t h 2, Vth2>Vr3> 
V t h 3 Sr-t-tl-^Udfc-rWBE V rl, Vr2. Vr3 

t-r-So j e-©i:$^ , 7-H^{c^iijtrr-5mE©^j ; £igi 
8 t-^-r. -7- mtrsEv r i ^wtDVxmmv^n 

IS-oWE* nfttHLij iU ^l:lffVr2, Vr 

2 J - r^HJL3j t.Wt^>. ^©ck^trSc^-tfJLS^ 
J» «r3 0ff5Cttt. ttV^Mzm&gLlxTz.Am. (2tf 
7M ©1f$S£ r^fflLlj ~ rggfijL3j <Z)4Htt&a 
L»ff3£K, 2ffi (ltfyh) ©'lt$g£ LTt^fflt^ 

[0 0 6 0] MI5 HKfliHj ~ r^ffiL3j tz^ts 

[0061] 7 s -^MaandRUTia5fe'r. -t>^^y 

SO VSSfC NMOS h7>^^flB<D«KPN*«Bnt 

\zm$tfr%\ly HftBLt/- HA«ft«A.«l VtC^ 
'J 5> U ^^ftfffSfl-^R P C a 
(Cji^_htfT-e-n-?n, NMO SMyfN4a ^^"> 

s-e-T, y 7 7-u->x<ai©/- HAa^j^Lfio. 5 
cv] ic^yy-v-s^rs. ^{c, ftijp«-^RPc, 

R P C a ©mBE£#ISR U-^PicTtf TNMO S ^-f <y 
S «rW^U^W^Sr'6±ff , NMO S y 3 

MKttK, ^UT. 7-7«St. ^uHzjuoasat 

EEVWELtrO [V] tU «7- f«i^fCKtBL«E&Bl 
itrT-So d©P£, ^ ; £'JirJUMCCQU€-Viffl«BB5i'7- 

\znWtt)iffitl. My hMlB Lty-H Affl©«E|i{£T 
f-So —73, ^^y-tr^MCOU^UiMmE&i^-f 4 ^ 
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Ki&WL©mE£0 CV) KU fWWt^S iD. S 
i SGWEE&fflttU'VUtzTVfZJEtlJetl. NMOS 

TR a Sr^^;HC3i*.±tfT, NMOS^'f -y^N 
6, N6 a£:t>IW££-tt\ -tr>^^-y^SL 
©PMOS b^yiSX&ISUCDWMPP&VCClZ. NM 
OS hv>^^fflao®SS:VSSf3L, y-^At'J 

y 7 u>xw<d; - h a a omaEHSrifiH-r-So mmsi 

l^Hd&^-Wf T, NMOS^-f«y^N8, N 8 a £ 

Tt^flBB*!, Afii*«SlOT ( I OBtzUJ^$n-5o 
Af±i7ji&IOT. IOBfCfi2^iCn>^ , 'J^>^Uft 

[0 0 6 2] #az rffiMvn ~ rggaiU3j ©#iwe 

-5c Hi 6l3*5V»T|i, — *©7- ^WLI^lfc 
4{@CD^^EU-tr;PMC 1~MC4C. "0 0", "0 
1" , "1 0" . "1 1" 0**i-£ft4* (2ifyh) 

©7 ? -^)^*a£ftTw*»&<£SB&r<5. cine.® 

tfy h) (Of—^n "00011011" *i2<@"fOK 

^e.nT"oo", "oi", "io". "n" 
©i?*-5. sl i~sL4ti-^n-rn^ ; EU-b:;i/ 

M C 1 ~M C 4 KfiSR**lfc-fc >7 ? y Z\<D 

-teJWz9Bki<ttii3H& (4M) ©R*tBU&i3^T€r 
•5c 

[0 0 6 3] E2 0fi r^HJUU ©IWetCfc^T, j* 
^"J-feJUMC l~MC4©U€rmSltEEi: I 7— HKUcBl 

inrrswaa hev r 1 1 ©gi^stf , * t y - wum c 

l~MC4*»6«5*fflan, t>777fSLl~SL 
4^9y5 L **T«2|t (lfcTyh) ©-r— ^R 1 T©, 
"0" CHigh'XIl'Low' ) feS 

ufcHT?**. ^3021, 132 2*>-?-tt^ : n* ; E>j 

•WPMC 1 ~MC4©U#l^ffi«E£'7— FUJidfttttrT 
•SScffl 1/1EV r 2 , Vr3i ©IWRR tf. rgfctH l, 
2 J , n*ttJL-3j ©^SfffrCcfcoT, ^^EUir^MC 
l~MC4*»6«yWHSn, t>X7y^SLl~SL 
4lCvy^-$*lS2M (ltfyh) ®r-^R2T, R 
2T*3RUfcBl7f*S. aft£©[21 4©i^f,^57 
^•>S'^^ ; EU{3^)i/iT, Z\ftt>2te (lfcfyh) ©-fig 
ftMBa&^ft, 4M (2tyH Wtt^tfatg^n/!:^ 
%UirJk&>&M»ttil;*ttS2£ (ltfyh) ©^-^R 
1T~R3T, Rt^t©a>^«J^>^U«J»RlB~ 
R3B*6, ^ ; 6 , J-t;^C4M©^r— ^.irLTEBRS^n 
TB21t$n-5S&©2M (llfyh) ©fiSfg-^&-r<5# 
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[0064] 014 ©HR^U 7H 3 A©fiS$I£gfc 
*Wtt&«-« t LTKWtS. rfgtbJLlj ©fbf£ 
K«fc^T. gc*ffl^nfe2M (1 ty h) ©T^-iS'R 1 
T&tf , ^©3 > y U ;* >^ U m^R 1 B fi-t >X 7 V 
flaB4A^. MyfSRTa. SRBa. SRT 
b, SRBb*Mi;T1z>;*7y?lHK3B'\<S&£ 
*l. ■^K±^Tir>X9y?-3Btt-7 s -^RlT. R 
1 B5:ffi^t§ a •ene>©X-< 7^S R T a, SRB 
JO a. SRTb, SRBbtllt*«. rg£ffiU2j ©gfr 
fE&ifirfons. nMS*diU2j ©*£•!'{£, y^yTv* 
-f yfSRTa, SRBa. SRTc. SRBcjPMi; 

*l&2« (ltfyh) ©5^-^R2T. R2Bf4, -fe> 
*7y?lHK4Aj^51*>;*7y3 L 4C'\*ai3*L d 
tlir c toT-t:>^^y5 : -[HlK4C^-^R2T. R2 
B£&8rr5. Cl©^, cnSfflMy^SBItJT* 
6>. rggffiL3j ©ftf^SrHJ&Ux. 2«(ltfyh) 
©7^-^R3T. R3B*MaHU t>7777"4AII 
^ ^#$-fr§ 0 3f@©-k>^7->^lHl^4 A, 4B. 4C 
C«a#*nfc3ffll©K*ffiU-7 s -5'fi^'f yfSOT 
a, SOBa, SOTb, SOBb, SOTd, SOB 

SBWhK2M:, ^©^-^£1 kfy h^©-=r— ^JfffC 

[0 0 6 5] 02 3K« HRiHUl j ~ r^U3j © 
IW£Kcfc^TS^ffl$*lfe2M (lt'-yh) ©5^-^R 
1T~R3 TRtPt©3>y»J UOTR 1 B~R 

J» H Cf-i' "0 0", "0 1", "10", "11" 

[0066] mmzmzn&Wi&Bi ^-5"&t&\Bm 

fi, Affi7J^ I OTfcO©[HlSg3l5#2 0 0 <hAffi7J«i I O 
B<K|©(hI2&SI5#2 0 1 fd^SiJ$n-5. 0^315^2 0 0 

ti, rggauij ~ r^gaju3j ©3iii©ss^.mu{c:j; 

■3 T# 6 fl*#S!(E»#R 1 T~R 3 T fc^l »T, 2 
t*>y h©^S!Efi#YT. XTS:jl63?!I«Jfc:^firr-5 0 0 
S^a5^2 0 1fJ, rg£fflL,l j ~ r^au3j ©313© 
Steffi Ul3ck^T#«Sn^^te^i^-R 1 B~R 3B\ZS 
40 CJ^T, 2 If y hOSKEfflf^YB. XB»fl5lCM 
f S. EP^, ^ ©S!(±i L^-^-&figtHl^«, t>77y 

4B, 4C^S$53l$n-57 ; -^RlT. 
R2T. R3Ti-5-03>^iJ^>^iJ^RlB, R 
2B, R3B«:4M (2t*yh) (D"r-2m\Z%m$- 
-5. XT«4il (2e->h) ©5r-^©Jifitry 
YTttTtttfy hS*r. XB, YB(i-^©m#©^> 

^u^>^u»#i?*a. mxte* 4«©5*-^*« "i 

0" ©»^, ±fie<> hli "1" , Tfilfy hfi "0" 

i» [0 0 6 7] 02 4irfiHtrf2 rsEtfjuu ~ r$Eau 
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3 J Hcfcr>T^'pti;fc'7 i — 1 T~R 3 T (R 1 B~ 
R3B) il*rtllZ£-3T&t>nZ>&t8LtiijjXT, YT 
(XB, YB) £<Dmm<m-£tlT^Z> a 

[0068] msgctuuT— 9&fmm-vnt>nrz±>&. 

t*7 H»XT, XB. Tftlf7 KCYT, YBtt. 02 

^^L-rHJ*$n-5o 0 2 5 J'^$n-5lHlKfl. ^Dy 
?m^CLK3\zmMt<-&T. ±ef7>XT. T&lf 
y hYTS355fC I OTIC, ±&t*y h<Dn>7V 
^Ufl^-XB, Tftfcfy hCD3>7U*>^U«-&|YB 
&i£g.\Z I OB^ffi^t^i CMOS N7>77jy- 
NGXT. GYT*H»tSnTfifcS. dniZ=fct>T, - 

[0 0 6 9] 02 &\Z\tm2 O00K(D- MWrfEP'f 5 
>^£LT. "XT, YT" jfti "11" 03## (n>y 
U*>;S"J«# "XB. YB" fi "0 0" ) , -T^t» 

-s. — otD^v-tMzimztifzmm^m. (2ty 

h) f"ll" ©l&SWtl/fclOT, IOB©W* 
ft**". XT, XBOfi^fi. 2my47«^CLK3j&i 

'High' (DtfmomzCMOS h7>X7 7?— h 
GXT, GXBaW»T-£*l-6hAttWrtfcIOT, IO 
BfCtB^7$n-5. CKDNf, CMOS h7>77?y — h 
GYT. GYBWSBUTfeB, YT, YBCDffi^tttfJA 
— 7j. ?Dy^CLK3*J 'Low' CO 
Wffi©P*K:«CMOS h7>X77^-hGYT, GY 
Bj&iH*. YT. YBCDfllWAiH*«lIOT. I OB 
{Cfctj?j$n. XT. XBO^fiN^^^T-y-hG 
XT, GXBj&iHDTtriS&ft, t£}?j£ft£:<,> 0 

[0 0 7 0] 02 3 (3^$n/igcffiL7^-^^fiSS 

[0071] Rii^LT*>aaaauftf^eo«p»i, 

r^cdibij ~ r^aL3j ©3E®iw^i3cfco, 

t, j tti"eti\zm^m^nr^2m. dtyw ©-r-* 
h) v? : -?$:mmisy : -?mmm2\z^T, 2m. 

(lkVH ©5 ff -^5Wc3BftUT4lt (2tTyM CD 

[0 0 7 2] H2 7£l£77yS'a^y®9J009A3K 
StlTH*. 01 frg^Tt&^Ut^yv-ii^y 
fi. RffiU^Z#»t>*7yyTE«»:* 

xii, ^ttsirttta-r^^r-^jraaft-r***. 0271:1 

»7>3C. WS#»**UW©-fc>;*7y?-©MMI 
fcJWflWKBJSfcfcOAy 7 7 2 1 SRI*, CI©A*y 7 
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7-2 1 lZJ : -?&-m3\Zffi!f-2-ti:Z>£?\zUtt(D-e 

©^ K> H 1 © 7 ^ y ^ ^E'U C H UTBMB Lfc 
rt#<t:Rli;T?*-5j&t, 5=-^*IBWM:>;*9y?1IBS 
Tf < , A* y 7 7 2 1 (, s 
[0 0 7 3] 4 fit (2t>h) 

<^ SL^ta \^mmt^>w,zrto. mmnmmtmu 
izw&z>-^-?$mmi Tsmty k ffi&try Mr 

3SrffiLTlg3lUT^n^€r^$ii:€.o rflBJ^ij 

~ r«&*3j i:^i;t2t dt'^h) ©-?-*£-£• 

fe-r-^5rfl-^2 3?Sl/TA'7 77 2 1 

■5 s - ?$mssm 1 izi&m.-fz> 0 z <Dm&^—^^M . 
& 1 -e-s-figsnzi 3 sfs©s&^- ^4. 2 3 
saLTm&ty 7721 tcfea6L.T«**-e-*. d© 

ft*©*:*!;:, «#»2 4^UT-fc>;*7y7lH]l&4'\ 

u ~ iMHL-3j i:i-3T, ^ft-ms^&;*n7c2 

fit (lfcfyh-) ©^-^-fc^-yy^isj^^ff-^ 

*2 4Sil / T/'?5'7r2 1 fCfeSlLT^$-&So d 
*1S 2flt7 i -^S:ft-^2 5 SraUTSctBL^-^^ 
EKZ'steaiU JJBSQ6WRI«^. 21 (lt*7h) 
©■r-^JfCJ^lL.-C^'f >T>7°1 OTTiWHU Do 

u 1 1 7j&>&attrrs. -&nefHnii2iHnisiKSi 2t::j; 

[0 0 7 4] 02 8tdfJ55tc:S'JCD7 7>y->a.^ ; EUOD0!l 
(CPU) 2 7 3rf*fiirr-5o ^^JffiS«S«2 7 fi* 

i2 7U, 01«7^y>'a.^ ; EUtrliLTI»^b^:S 
^^r-^^m, SctHL^-^^ S.^O^0D-tr> 

*. J ^tl^«|figS:^-rSfc460D4'*^^^«2 7 
[0 0 7 5] 02 9lZw£ft*77y5>o.* i EiJfa/Ty 

77-21 t^S[^^JlSW2 7 owuj&m—^mfc^ 

[0 0 7 6] 02 8S:t®2 9 1:^n577y ->ol^ 
^E'Jfi. ^y7:tl34'ifca«r«!S«W»2 7**u 4ffl 

^^^©^MS^^^^Jl»K2 7fCck^TfT 

Zttft/1y77 2 1 SfflliT— OCD^^&U-k>)H3 4ffi 

» ( 2 h) ©«a*xrflKta isMft&n fc? c: tan? 
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#5. d 00 2 8 777ya^ : £iJ tz:*3tt-5 

^M/* U 7 U-f Wt >X 7 7 

9CD^^-y5>jL^^EUfJ/\*y^7'2 1 ^fflt,^^"U02 
7CD77y:xa^UchlWe£>'5#, ^-^^{r-^ 
t^T{a. 0 1 &tf0 2 7CD777 v-^^r'J »***H?ft 

t. 02 8mm2 9<Dy^y^3.^^)-Q\t, mmv 

[0 0 7 7] 028 IC^$n-5 777 ->zl fd*5^ 
fr^o D i n 1 6 ^£#&tr2ffi (1 fcfy h) ©5^— 
U **SiS3fflg««2 7^«-^2 9^iSUTte§| 
K ffiftey ht^HKSH^2tt (ltfyN) ©7 s -* 

tt-fe >x 7 y T^isi^ 4 ©#^© ^ u ^Mzmm-z 

3J £j&££:21t (lfcfyh) 0r-^*(1i^®i 

*S«2 7(Ccfc0-&fi&rsfea?), £*a63f#fcfy K flWfc 
try Mi#flRE*ifc7*-*tt, flH§tt2 8SibTt> 

-5c *i>?iSU?:&yi*8#*2 7T^m^n^-^fi 
*u ~ rflfta*3j ©sabfftzrtji;-^ «-^H2 8<& 

3tUT-tr>X^!y7 c -liIK4'^^$nT^ty7^$n, * 
tHUftfFCtt nKiHLlj ~ r^fiB U 3 j fCctt^T, 

fc«#*ttfc:2* (lt*yb) ©T^te, <§^2 8 

y^3.^^EUtBI«K» 2ffl (lt^M ©t^-^JK: 
l^^nt, 4991*2 9«IUOt-r >7>7"1 O'NJfE 
M$tlit^$^T, Doutl 7/5»£#-a5tCffi7j$*l 

[0 0 7 8] 02 9\ZjjkZtlZ>77y~>3.*^:iJ\^ 4 

it (2ey w ©«&<?k mmm umft&$:<Dm\ziT 

•5. D i n 1 6 frt>W&tS2M. (1 tfy h) CDt^-^JK 

$nT4>*i^®s^« 2 7 ^m*m 2 9^1 

tTyK Mfc^y Mc^$n*:2ffi (ltfyh) OD^r 
-*fiA*y 7y- 2 1 £flPHfll3 1 £SUTi|£i£;*nT& 

(ltfyh) ©7^-*£4 1 ife^$ag^2 7K e kO-& 
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tor- $rttfl^Hft3 1 SflLTA77r2 1 j^gcpftift 
»BS^2 7K3SaiSn<&. 4>A$BI0gtmtft2 7T? 

^Ifedtifc^-^fi rs^u ~~ r^*-3j ©&gj 

£ftfc2M (ltfyh) (D7 e -^^-fe>X7y7°tHl^4 
^ *>£&4Hft3 0 SILTA'7 7 7-21 t'feit^nT^ 
£*15 0 30©RfflUiM^tr«fcr>Ttt*Hi$n, A*7 7 

7 2 1 £fis8rs*i&2« ( i tfy h) <DT-*im*m. 

3 1 £ffiLT#;£SSir#lg|?$|2 7's3fEii|£tt, 0 1 © 
y^y^3.^V tmUiZ, 2M. (lfyh) Of-^ 
5UtwSQftamTfi'^lft2 9^r®u-r^-r >T>yi 0-v 
ifeit$nTiitg$n, Doutl 7j&*e*HHSfctfW7£*l 
-So +*WOTttM»2 7€:^->^y7^fllA&7 

^5®t^« 2 7 kj^t^-ts ^ t*n»**. 

i» [0 0 7 9] 03 0\ZteM2 82fcXfl22 9^^*1-5^ 
-f7 7"0777->a/ : E , J y T^^fiTT^ 

^■©^^tlTOi-So -f^-fe, 777ya^tU 
3 3, *£;WiM%mm2 7. SlCWDRAM (^<7"5 
y^7 • y>yA • T;7-fe^. • *^'J) {rck-DTv;^^ 
y 7^?«^$nTt^. 777xa> ; E , J3 3 f£0 2 8 

0777->a^'j \zttis^*&mstmmm&mt& 

JV7 «, 7 ; -iS'^DRAM3 4{C^IU— ^KG^ii:, 

^nz*&mmmm2 7 &T—*^*'frt3.^ — 
^^u-tr;^3t^$n^4ffl7 ; -^cDKffiu^ff^5. 

03Ot3^T3 8, 3 9tift!lffllft^ 3 5. 3 6, 3 

[0080] 031 izmztizm&iz. 03 o\z^n 

-5EIK«^^n-5DRAM3 4€:SRAM U^t" 
-f y ^ • y>^A • 77-fe^ • ^^EU) 4 0 t'^x.^ 

^ tii LWrfm\zi$tt&^-5'm&cDm. f-^asRAM 
2 7 ai^-cD s r am 4 0 izm^^tir^-^cDm^m 

&ftfo\ m&&Xi$. Wi\tiV&ftt3.0. 03 1l3*5t,i 
T3 8S:t;4 3(ift!lffll«-^, 3 6, 4 1^4 2f*7H 

[0 0 8 1] 03 2. 03 3\Z\ZZ\tlWi-?\ZWffllsfc.& 
S7 7y^a.^ ; e'Jt3*5^-5 4M (2t*yh) <Dm&& 

SO K ^eyhtZ^iU ^^^^EUTU-fW-t^ 
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7 7?. Ay77 2 lXf*?1-SP<7)DRAM3 4^L<fi 
SRAM4 OK— NfMJlt&^rS (SI). — 

3j KjfcDT. fll#^ic*^u-t)i^#£i\tr§&* 

2^— :?£-&fifcU ^t'J7KCt>77«;f 
(S2) . -tUT, V- F*K»*iMrttEE 

SrftJiJOU ^X^y^K^y^n^-^tO&DT 
^^EU-t^OSji^lrf^Srmi (S3) . #&*»fp£ 

^ (S4) , w&&&}fe\z&-iTwmv>is^mmm$: 

#-5£<han?#5£T?X5r-;/7*S 3. S4©girftM£r|g9 

ss-r (s 5) „ w&&mfftz r#&^3j s-efr^n^ 

Wl^n (S6) , r»^^3j tnTSSTSftT^ 
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